Background. To assess the impact of surgical relief of left ventricular outflow obstruction on myocardial perfusion abnormalities in patients with obstructive hypertrophic cardiomyopathy, 20 symptomatic patients who underwent a septal myectomy or mitral valve replacement were studied with assessment of
Methods and Results. Before surgery, 15 patients had myocardial perfusion defects during exercise that completely normalized at rest, one patient had both reversible and fixed perfusion defects, two patients had fixed defects only, and two patients had normal exercise and rest thallium scans. After surgical relief of left ventricular outflow obstruction (basal gradient reduced from 62 ±40 to 7±12 mm Hg,p<0.001; peak provokable gradient reduced from 131±27 to 49+36 mm Hg, p<0.001), repeat exercise thallium studies showed complete normalization of perfusion defects in 11 patients, including the two patients with fixed defects alone before surgery, and improvement in the magnitude and distribution of perfusion defects in five additional patients. This was associated with a significant reduction in the number of patients with reversible regional defects (five patients compared with 13 patients before surgery, p=0.026) and of patients with endocardial hypoperfusion (four patients compared with 12 patients before surgery, p=0.024). Furthermore, increased lung uptake of thallium was noted in five patients after surgery, compared with 12 patients before surgery (p=0.055). Only two patients with reversible perfusion defects before surgery had unchanged postoperative studies. However, four patients acquired new fixed defects as a consequence of surgery, and two of these four had the greatest severity and distribution of left ventricular hypertrophy by echocardiography. These four patients experienced a substantially greater decrease in ejection fraction (-26±15%) after surgery than the remaining patients (-3±14%, p<0.01).
Conclusions. In the short-axis plane, the left ventricle was divided into four segments that comprised the anterior and posterior ventricular septa and anterolateral and posterior left ventricular free walls.20 Presence and extent of left ventricular hypertrophy in these four left ventricular regions were evaluated in diastole directly from the television monitor with the aid of calipers. Wall thickness was measured at the levels of both the mitral valve and papillary muscles.1920 For each region of the left ventricle, that portion that showed the greatest thickness (whether situated basal or apical) was reported as the maximal thickness of that segment.
A wall thickness index was also used to assess the magnitude of left ventricular hypertrophy. This index was calculated by adding the measurements of maximum wall thickness obtained in each of the four left ventricular segments.20 This calculated score has previously been used as a quantitative expression of the overall magnitude of left ventricular hypertrophy in patients with hypertrophic cardiomyopathy.20-23All wall measurements were made without knowledge of the patient's thallium studies.
Cardiac Catheterization Studies
After an overnight fast and sedation with 10 mg oral diazepam, patients had left ventricular pressures obtained with a 7F end-hole pigtail catheter, with attention paid to avoid entrapment artifact,24 referenced to the side-arm of an 8F vascular sheath apparatus in the additional 60 seconds to allow adequate circulation of the isotope. Imaging was begun within 10 minutes of completion of exercise and repeated after a 3-4-hour delay. Thallium emission computed tomographic studies were performed with a wide-field-of-view rotating gamma camera equipped with a low-energy, mediumresolution, high-sensitivity, parallel-hole collimator (Apex 415, APC-3 Elscint, Boston) centered on the 68-keV photopeak with a 20% window. The camera was rotated over 1800 in an elliptical orbit around the patient's anterior thorax from the right anterior oblique (-40°) to the left posterior oblique (+140°) position. Thirty images were obtained in a 64x64 matrix for 30 seconds, each at 60 intervals. Details of count acquisition and analysis have been described previously.26'27 Tomographic images were graded by consensus of at least two independent observers using a semiquantitative regional scoring system. Interobserver variability of this method applied to patients with hypertrophic cardiomyopathy has been previously reported. 26 Regional thallium uptake was graded on a scale of from 0 to 2.0 in increments of 0.5, with a score of 2 signifying normal activity and a score of 0 signifying absent activity. Scores for each segment were averaged; a score of c 1.5 was considered to represent a perfusion defect, and a score of .0.5 from exercise to redistribution study was considered a significant change in perfusion. A countsbased quantitative analysis based on absolute thallium activity was not performed because the marked regional heterogeneity of wall thickness in hypertrophic cardiomyopathy would accentuate partial volume effects in a region-to-region comparison within one tomographic plane.28 Exercise-induced cavity dilatation and increased lung uptake were also assessed qualitatively as absent, mild, or marked, as determined by consensus among the observers. Radionuclide Ventriculography
Radionuclide ventriculography was performed in 19 femoral artery. A balloon-tipped thermodilution cathepatients in the supine position after in vivo labeling of red 
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Before surgery, 15 patients had myocardial perfusion defects that normalized by 3 hours after exercise, two patients had myocardial perfusion defects that remained unchanged in appearance by 3 hours after exercise (fixed defects), one patient had both reversible and fixed perfusion defects, and two patients had entirely normal rest and exercise scans (Figure 1 ). Of the patients with reversible defects, nine patients had coexistence of regional myocardial perfusion defects and apparent cavity dilatation (evidence for subendocardial hypoperfusion during stress16.26), four patients had regional myocardial perfusion defects alone, and three patients had apparent cavity dilatation alone. Twelve patients had increased lung uptake of thallium after exercise.
Six months after surgery, repeat thallium studies showed complete elimination of perfusion defects in 11 patients, including nine patients who had reversible defects alone before surgery and the two patients with fixed defects alone before surgery (Figure 1) 
Stress
Rest perfusion defects after surgery had average reductions in their left ventricular end-diastolic pressure of 8+10 and 8±6 mm Hg, respectively. In contrast, the two patients with no change in their abnormal scans had a reduction of only 2±1 mm Hg. Patients with elimination or improvement in lung uptake of thallium after surgery had average reductions in their left ventricular enddiastolic pressure of 9±10 and 13±3 mm Hg, respectively. In contrast, the two patients with unchanged lung uptake of thallium had only a 1 + 1-mm-Hg reduction in left ventricular end-diastolic pressure after surgery.
Because of small numbers in each subgroup, ANOVA did not show these differences in left ventricular outflow tract pressure or end-diastolic pressure reduction to be of statistical significance.
New Perfusion Defects After Surgery
After surgery, five patients, all of whom underwent septal myectomy, acquired perfusion defects not noted on their preoperative study. In one patient, a fixed apical defect was noted at the site of a reversible apical defect on the preoperative study. In a second patient, Post Op Discussion Our previous investigations have demonstrated that myocardial ischemia as evidenced by myocardial lactate production during rapid atrial pacing or isoproterenol stress'5 6,243031 or by reversible thallium defects during exercise stressl625,26 is common in hypertrophic cardiomyopathy. For patients with obstructive hypertrophic cardiomyopathy who remain symptomatic despite conventional medical approaches to this disease, surgical relief of obstruction can improve symptoms and effort tolerance, primarily by reducing myocardial oxygen demands and thus allowing more favorable matching of myocardial blood flow to myocardial oxygen demands during stress. 15 However, these observations regarding the coronary and myocardial hemodynamic consequences of surgical relief of obstruction were made during pacing stress. The present study extends these observations by demonstrating that myocardial perfusion abnormalities induced by exercise stress are improved or eliminated after surgical relief of left ventricular outflow obstruction.
These observations provide further evidence for the pathophysiological relevance of left ventricular outflow gradients in hypertrophic cardiomyopathy. Patients with Post Op Before surgery, three patients were observed to have myocardial perfusion defects during exercise that remained unchanged after 3 hours of rest. In patients with coronary artery disease, such "fixed defects" have usually been interpreted as indicative of nonviable myocardium or scar tissue, although recent studies with reinjection of thallium at 3 hours have shown uptake of the isotope consistent with myocardial viability in some fixed defects of patients with coronary artery disease. 32 Of the three patients in this study who had fixed defects, two had normalization of these defects after surgical relief of obstruction, suggesting that myocardial tissue in these regions was viable and more completely perfused after reduction in left ventricular systolic pressures. Whether reinjection of thallium in the preoperative studies would have correctly identified these myocardial regions is unknown.
In most patients, left ventricular function as assessed by radionuclide ventriculography changed little after surgery. Thus, the beneficial impact of surgical relief of obstruction on myocardial perfusion defects was unlikely to have been a consequence of a negative inotropic effect of substantial reduction in left ventricular function as a result of surgery. Indeed, several patients had significant increases in left ventricular ejection fraction after surgery, along with normalization of thallium perfusion defects noted during their preoperative study. However, four patients developed new fixed defects after surgery that were associated with a substantial decline in resting left ventricular ejection fraction compared with minimal overall change in patients who did not develop new fixed defects as a consequence of surgery. In three patients, the fixed defects were noted in areas of reversible defects on preoperative studies. In the fourth patient, there was no reversible defect on preoperative study that corresponded with the new fixed defect in the inferoseptal region. One patient in whom a fixed defect occurred in the region of a reversible preoperative defect in addition to new fixed defects was particularly notable for her complicated perioperative course, during which a left ventricular assist device was necessary to maintain survival for several days after surgery. The mechanism responsible for left ventricular dysfunction and new irreversible thallium defects cannot be determined from our study but may relate to incomplete myocardial protection during surgery, possibly as a consequence of small vessel disease, abnormal myocellular architecture, or massive hypertrophy with consequent myocardial ischemia, injury, and scarring. In partial support of this concept is the observation that two patients who developed new fixed defects (including the patient who required the left ventricular device) had the most severe and widespread hypertrophy of all of the study patients. Two patients developed new reversible septal defects; both acquired left bundle branch blocks as a consequence of their ventricular myectomy. However, nine other patients who developed left bundle branch blocks had no new reversible septal defects, and an additional three patients maintained preexisting septal defects after surgery.
Study Limitations
Not all patients with obstructive hypertrophic cardiomyopathy who underwent surgery during the time periods covered in this study had preoperative and postoperative thallium studies. Although there was no effort to select patients for thallium studies by symptoms, a selection bias may exist. Thus, our data may not be representative of all patients undergoing surgery. However, the symptom status of our patient population and the hemodynamic response after surgery are consistent with those of previous reports from our institution,A36-8,"0,15 leading us to believe that our study population is representative of patients undergoing surgical relief of obstruction.
Conclusions
Exercise-induced thallium defects are common in symptomatic patients with hypertrophic cardiomyopathy who are candidates for surgical relief of obstruction. In our study population, the majority demonstrated improvement or elimination of preoperative perfusion defects on their postoperative studies, most likely representing reduction or relief of stress-induced myocardial ischemia. This was related to the magnitude of reduction of basal left ventricular outflow gradient and left ventricular end-diastolic pressure; thus, these hemodynamic responses may be important in improving or eliminating perfusion defects. Fixed defects using conventional thallium tomographic imaging techniques in patients with left ventricular outflow gradients may be eliminated by surgery and thus represent viable myocardium. Finally, new thallium defects may develop as a consequence of surgery and are associated with substantial reduction in left ventricular ejection fraction, suggesting that they may represent scarring as a consequence of perioperative infarction.
